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DIFFERENTIAL DRIVING CIRCUIT FOR A
SEMICONDUCTOR LASER

This application 1s a division of application Ser. No.
08/125,229 filed filed Sep. 23, 1993, allowed U.S. Pat. No.

5,519,931.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates for example to a laser beam
printer which records by an electrophotographic process and
relates to a driving circuit for a semiconductor laser that 1s
used preferably therein.

2. Description of the Related Art

FIG. 4 shows the circuit arrangement of the control
system a laser beam printer in the prior art. In the Figure, a
reference numeral 1 denotes a sequence controller board
which executes engine control such as image record timing,
control and rotation speed control of a polygon mirror. A
reference numeral 2 denotes a video controller board which
generates an 1mage signal. A reference numeral 3 denotes a
laser drive circuit board which turns on and off a laser diode.
Furthermore, a reference numeral 4 indicates a central
processing unit (CPU) which executes the engine control as
a sequence controller. A reference numeral 5 indicates a laser
diode driver, which turns on the laser diode when a LASER
ON* signal is low level (hereinafter Low). A reference
numeral 6 indicates the laser diode, a reference numeral 7
indicates an AND gate, and a reference numeral 8 indicates
an 1nverter. A reference numeral 9 mdicates an OR gate, a
reference numeral 10 1indicates a pin photo diode as a light
receiving element, and A reference numeral 11 indicates a
BD output circuit which receives an output of the pin photo
diode 10 to generate a BD signal as a synchronous signal.

Before describing the operation of the above circuits, the
structure of the laser beam printer will be brietly described
with reference to FIG. 5. First, in FIG. §, a reference numeral
12 mdicates a polygon mirror for scanning a laser beam, a
reference numeral 13 indicates an optical lens for focusing
the laser beam on the surface of a drum, a reference numeral
14 1s a reflection mirror for generating the synchronous
signal, a reference numeral 16 indicates a photosensitive
drum which receives the laser beam to form a latent 1mage.

The 1mage formation operation on the photosensitive
drum 16 will now be described with reference to the timing
chart in FIG. 6. First, the CPU 4 sets a UBL signal to high
level (hereinafter High) in order to detect the BD signal
which 1s a horizontal synchronous signal for 1mage record-
ing. The LASER ON* signal, which 1s an 1nput signal of the
laser drive circuit 5, goes Low, and the laser 1s emitted.
When the laser beam 1s scanned by the polygon mirror 12
and conducted to the pin photo diode 10 by the reflection
mirror 14, the BD signal 1s outputted from the BD output
circuit 11 to the CPU 4. A timer of the CPU 4 is reset to a
measuring time t=0 at the time the BD signal 1s inputted.
Furthermore, at the same time the BD 1s inputted, the CPU
4 sends a BDOUT signal, which 1s also a synchronous
signal, to the video controller 2. When a predetermined time

UBLE passes since the mput of the BD signal, the CPU 4
returns the UBL signal to Low to stop the laser emitting.

After the elapse of a time MSKE from the BD input, the
CPU 4 sets a MSK signal Low to reset the mask of the image
signal. The MSK signal prevents the photosensitive drum 16
of the area, which 1s out of the area to be transferred to a
paper, from being exposed to the laser, and prevents the
inside of the unit from being stained by the toner. If the MSK
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1s High, even when the image signal 1s sent from the video
controller, 1t 1s masked by the OR gate 9 and does not reach
the laser drive circuit board 3. The video controller board 2
outputs an 1mage signal after the predetermined time from
the BDOUT signal. Then, the LASER ON* signal varies
according to a VDO signal which 1s the 1image signal, and
the laser 1s turned on and off. At a timing at which the
scanned laser beam exceeds the area of the paper (after the
elapse of a time MSKS from BD), the CPU 4 again sets the
MSK signal to High. Then, in a non-development area of the
drum 16, the CPU 4 sets the UBL signal to High to emit the
laser. Through the above process, a latent 1mage 1s formed
on the photosensitive drum 16. Other than the above, the
CPU 4 controls the ordinary electrophotographic process,
which 1s known and the description thereof 1s omitted.

However, the above-described device 1n the prior art has
involved the following problems since gates 7 to 9 are
disposed on the sequence controller board 1.

The 1mage signal transmission path 1s complex since the
path 1includes the cable between the video controller board 2
and the sequence controller board 1, the internal pattern of
the sequence controller board 1, the cable between the
sequence controller board 1 and the laser drive circuit board
3, and the internal pattern of the laser drive circuit board.
Therefore, there has been a problem in that, as the image
signal becomes higher in speed, the transmission lines which
need to match with each other the tend to increase, so that
the cost increases and a wave form deformation and pertur-
bation of duty tend to occur. This problem considerably
impairs the 1mage quality of the laser beam printer, and 1s
thus a deadly defect.

Namely, means for controlling to make the laser not emit
in order to prevent from forming the latent 1mage to the
non-image area, even if the image signal 1s inputted from the
video controller for generating the 1mage signal to the laser
drive circuit (hereinafter mask means) and means for enforc-
ing the laser to fire 1n order to obtain the horizontal syn-
chronous signal (hereinafter BD signal) of the image are
arranged 1n a transmission line of 1mage between the video
controller and the laser drive circuit. Therefore the trans-
mission line 1s complicated, so that 1t 1s not possible to
transmit the signal stably and duty of the 1image signal is
varied.

Thus, as described 1n U.S.Ser. No. 724,831 now U.S. Pat.
No. 5,373,518 (filed on Jul. 2, 1991), the method wherein a
logic circuit 1s arranged 1n the laser drive circuit so as to turn
into a possibility to output directly the 1mage signal from the
video controller to the laser drive circuit 1s considered to use.

However, 1n the laser beam printer in which resolution
capability 1s now being developed, transmission speed of the
image signal become higher in geometrical progression, so
that 1t 1s difficult to prevent from the disturbance of the wave
form of the 1mage signal only by using the above method.

Furthermore, 1n the laser drive circuit of the laser beam
printer, in which a differential amplifier 1s used as a switch-
ing circuit for a laser current, a voltage of a transistor which
forms the differential amplifier with a transistor which inputs
the 1mage signal 1s held constantly to determine a voltage
slice level which 1s a threshold for switching the laser
current by the 1mage signal.

SUMMARY OF THE INVENTION

An object of the present invention 1s to improve the
characteristics of a laser beam printer.

More specifically, another object 1s to stabilize the signal
transmission of the 1mage signal.
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Yet another object 1s to solve above problems.

A still further object 1s to provide a driving circuit for
semiconductor laser for modulating accurately the semicon-
ductor at a high speed.

Yet another object 1s to prevent from inferiority of modu-
lation precision even 1if the semiconductor laser 1s modulated
according to a plurality of information signals.

According to the invention, there 1s provided an 1mage
forming apparatus comprising: means for generating an
image signal; means for forming an 1mage on the basis of the
image signal; means for controlling the image forming
means; means for transmitting the image signal from the
image signal generating means to the image forming means
without intervention of the controlling means; and means for
impedance-matching with an impedance provided by the
fransmitting means.

According to the invention, there 1s provided an apparatus
for generating a laser beam modulated on the basis of an
information signal, comprising: means for generating a first
information signal; means for generating a second 1nforma-
tion signal independent of the first information signal; means
for driving a semiconductor laser on the basis of the first and
the second information signals, wherein the driving means
comprises first and second switching elements which oper-
ate supplementarily with each other, one of the first and
second switching elements switches a drive current to the
semiconductor laser, and wherein the first information signal
1s provided into a control terminal of the first switching
clement and the second information signal 1s provided into
a control terminal of the second switching element.

There 1s provided a driving circuit for a semiconductor
laser comprising;:

a first mput terminal for iputting a first information
signal;

a second mput terminal for 1nputting a second mnformation
signal; and

first and second switching elements which operate supple-
mentarily where one of the first and second switching
clements switches a drive current of the semiconductor
laser,

wherein the first information signal 1s provided to a
control terminal of the first switching element and the
second 1nformation signal 1s provided to a control
terminal of the second switching element.

According to the mnvention, there 1s provided a laser beam
printer for forming an 1mage using an electrophotographic
process 1n which a laser output of a laser diode being turned
on and off according to an 1mage signal scans by a polygon
mirror on a photosensitive body, wherein a switching circuit
for turning on and off the laser diode comprises a differential
amplifier circuit using a transistor pair, a base potential of at
least one of the transistor pair 1s made variable to execute
masking and/or forced light emission to the 1mage signal.

According to the present invention, the base potential of
the transistor 1n the differential amplifier circuit used as a
switching circuit 1s made variable, and the slice voltage level
of laser current switching to the image signal 1s varied to
control masking or forced operation or both of the lasers in
the differential amplifier circuat.

As described above, the base potential of the transistor
pair 1n the differential amplifier circuit used as a laser current
switching circuit 1s varied to vary the slice voltage level of
laser current switching to the image signal. This can be
achieved by the differential amplifier circuit by executing
masking or forced operation or both of the lasers. This
climinates the need for a dedicated masking circuit or forced
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operation circuit and thus enables simple arrangement of the
image signal transmission line, and stable signal transmis-
sion with a reduced duty change.

In addition, the base potentials of both transistors of the
transistor pair are made variable, thereby enabling masking
and forced laser emission.

Furthermore, since the 1mage signal 1s invalidated by the
masking signal or the forced operation signal, the arrange-
ment of the invalidation circuit 1s simplified.

The above and other objects, effects, features and advan-
tages of the present 1nvention will become more apparent
from the following description of embodiments thercof
taken 1n conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram showing an arrangement of
a circuit and a circuit board structure of the first embodiment

of the present invention;

FIG. 2 1s a schematic diagram showing another arrange-
ment of the circuit and the circuit board structure as the

second embodiment of the present 1nvention;

FIG. 3 1s a schematic diagram showing a further circuit
arrangement and 1ts circuit board structure as the third
embodiment of the present invention;

FIG. 4 1s a schematic diagram showing a circuit arrange-
ment and 1ts circuit board structure of the prior art;

FIG. § 1s a schematic perspective diagram showing a brief
structure of a laser beam printer;

FIG. 6 1s a wavelform diagram showing generation timing,
of various signals;

FIG. 7 1s a circuit diagram showing an arrangement of a
laser drive circuit 1n the fourth embodiment;

FIG. 8 1s a timing chart showing signal generation timing
of the circuit of FIG. 7;

FIG. 9 1s a circuit diagram showing an arrangement of
another laser drive circuit 1n the fifth embodiment; and

FIG. 10 1s a timing chart showing signal generation timing,
of the circuit of FIG. 8.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will now
be described 1n detail with reference to the drawings.
(First embodiment)

FIG. 1 shows the circuit layout of the first embodiment of
the present invention. Similar portions to those 1n the prior
art example shown in FIG. 4 are indicated by similar
reference numbers, and detailed description thereof 1s omit-
ted. In FIG. 1, a reference numeral 21 indicates a driver IC.
Areference numeral 22 indicates a resistor for pulling up the
voltage of the VDO™ signal line to the voltage of the power
supply. In the present embodiment, the video controller
board 2 and the laser drive board 3 are connected by a
coaxial cable, and the resistance of the resistor 22 1s equal
to the impedance of the coaxial cable.

As can be seen from FIG. 1, 1n the present embodiment,
the gates 7 to 9 which have been on the sequence controller
board in the prior art are located on the laser drive circuit
board 3. Furthermore, the 1mage signal 1s connected directly
from the video controller board 2 to the laser drive circuit
board 3, not through the sequence controller board.

The video controller board 2 1s connected to the laser
drive circuit board 3 with a 50-ohm coaxial cable. It 1s pulled
up by 50 ohms at the laser drive circuit board 3 side. Since
the driver 21 on the video controller board 2 can sufficiently
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drive the 50-ohm load, the 1image signal transmission line 1s
matched 1n 1impedance, and high-quality signal transmission
1s possible. Therefore, the high-quality VDO* signal can be
inputted to the laser drive circuit board, and the high-quality
laser switching 1s possible by shortening the patterns in the
laser board.

(Second embodiment)

A second embodiment 1s shown 1n FIG. 2. In FIG. 2, a
reference numeral 23 indicates a high-speed TTL with a
lower drive capacity such as AS04, a reference numeral 24
indicates a resistor having the same resistance as the 1imped-
ance of the coaxial cable. This embodiment 1s characterized
in that the impedance matching of the image signal trans-
mission line 1s realized at the serial end. Since a good
matching 1s obtained 1n the serial end even 1f the element at
the transmission side has no capacity to drive the 50-ohm
load, this system 1s preferably used for cases where recep-
fion elements are concentrated at the end of the transmission
line. In general, the element with no drive capacity 1is
inexpensive, therefore, this embodiment 1s inexpensive than
the above first embodiment, with the same efficiency.
(Third embodiment)

A third embodiment 1s shown 1n FIG. 3. This version
differs from the second embodiment shown 1n FIG. 2 1n that
the video controller board 2 and the laser drive circuit board
3 are connected by a flat cable. In this embodiment, 1n order
to realize stable transmission characteristics using the flat
cable, signal lines at both sides of the VDO signal trans-
mission line on the flat cable 1s connected to GND to obtain
a low 1mpedance. This enables an 1impedance of about 80
ohms of the transmission line. Therefore, it 1s necessary to
use the resistor 24 of about 80 ohms which was 50 ohms 1n
the second embodiment of the FIG. 2. This embodiment 1s
slightly inferior 1n the stability of the transmission line to the
coaxial cable, but almost satistactory impedance matching is
obtained at a low cost by using a flat cable.

In the above embodiments, the logic circuits 7 to 9 are
located on the laser drive circuit board 3, but also can be
located 1n the driver 5. Furthermore, the laser drive circuit 1n
the fourth or fifth embodiment described later 1s preferable
In use
(Fourth embodiment)

FIG. 7 shows the arrangement of the laser drive circuit IC
of the present embodiment. In FIG. 7, a reference numeral
301 indicates a semiconductor laser which functions as
exposure means 1n the electrophotographic process. Refer-
ence numerals 302 and 303 indicate a pair of transistors, and
a differential amplifier circuit 1s composed of the transistor
pair and resistors 309, 310, 311, and 318. The base of the
transistor 303 i1s connected with resistors 304, 305, and 306.
Of these resistors, the resistor 306 1s connected to the
collector of a transistor 307.

A capacitor 320 1s a bypass capacitor. When the transistor
307 1s off, the base potential of the transistor 303 1s a value
in which +24 V of the power supply 1s divided by the
resistors 304 and 305. When the transistor 307 1s on, the
resistors 305 and 306 are connected parallel, and the base
potential 1s a lower value than that when the transistor 307
1s off. When the base potential of the transistor 302 1s higher
than the base potential of the transistor 303, the transistor
302 1s on, and the transistor 303 1s off. Then, the base
potential of the transistor 312 becomes lower than the base
potential of the transistor 313, the transistor 312 is off, and
the transistor 313 1s on.

Current from a constant current supply 316 does not flow
to the semiconductor laser 301 because the transistor 312 1s
off, and the semiconductor laser 301 does not fire. On the
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contrary, when the base potential of the transistor 302 is
lower than the base potential of the transistor 303, the laser
301 fires. A zener diode 317 1s one which 1s to provide a base
potential of the transistor 312 when 1t 1s on, or transistor 313,
and a capacitor 319 1s a bypass capacitor. A resistor 321 and
a capacitor 322 form a snubber circuit for shaping the wave
form of the current passing through the laser. Resistors 323,
324, and 325 are resistors for determining the voltage level
of the image signal inputted to the transistor 302. A reference
numeral 326 indicates an OR circuit located 1n the image
signal transmission line for masking. When a mask signal
(MSK) 1s High, the laser current does not flow with inde-
pendence of High/Low of the image signal. Reference
numerals 327 and 328 indicate pull-up resistors. The refer-
ence numeral 329 indicates a sequence controller for execut-
ing engine control mcluding control over the laser drive
circuit, a reference numeral 331 indicates a CPU as a heart
of the above operation, a reference numeral 330 indicates a
video controller for forming the 1mage signal.

FIG. 8 1s a time chart showing the operation of the fourth
embodiment.

It can be seen from FIG. 8 that the base potential of the
transistor 303 1s variably set according to a forced light
emission signal (UBL) to forcibly operate the laser to fire,
and the laser firing 1s inhibited according to the mask signal
(MSK).

As described above, by making the base potential of the
transistor variable 1n the laser drive circuit, which switches
the laser current according to the image signal, using the
differential amplifier circuit with the transistor pair and by
making the slice voltage level to the image signal for the
laser current switching variable to emit a laser forcibly, so
that a dedicated laser forced light emission circuit can be
climinated. As a result, the arrangement of the 1mage signal
transmission line 1s simplified, and stable signal transmis-
sion with reduced duty variation 1s possible.

(Fifth embodiment)

Another circuit arrangement of a fifth embodiment is
shown 1 FIG. 9. In FIG. 9, a reference numeral 401
indicates a semiconductor laser functioning as exposure
means of the electrophotographic process, reference numer-
als 402 and 403 indicate a transistor pair, and a differential
amplifier circuit 1s composed of the transistor pair and
resistors 409, 410, 411, and 418. The base of the transistor
402 is inputted with the image signal (VDO). The base of the
transistor 403 1s connected with resistors 404, 405, and 406
and, of these resistors, the resistor 406 1s connected to the
collector of the transistor 407.

A capacitor 420 1s a bypass capacitor. When the transistor
407 1s off, the base potential of the transistor 403 1s a value
in which +24 V of the power supply 1s divided by the
resistors 404 and 405. When the transistor 407 1s on, the
resistors 405 and 406 are connected parallel, and the base
potential 1s a lower value than that when the transistor 407
1s off. When the base potential of the transistor 402 1s higher
than the base potential of the transistor 403, the transistor
402 1s on, and the transistor 403 1s off. Then, the base
potential of the transistor 412 becomes lower than the base
potential of the transistor 413, the transistor 412 1s off, and
the transistor 413 1s on.

Current from a constant current supply 416 flows to the
semiconductor laser 401 because the transistor 412 1s on,
and the semiconductor laser 401 fires. On the contrary, when
the base potential of the transistor 402 1s lower than the base
potential of the transistor 403, the laser 401 does not emit.
A zener diode 417 1s one which 1s to provide the transistor
412 when 1t 1s on, or transistor 413 with a base potential and
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a capacitor 419 1s a bypass capacitor. A resistor 421 and a
capacitor 422 form a snubber circuit for shaping the wave
form of the current passing through the laser. Resistors 423,
424, and 425 are resistors for determining the voltage level
of the 1mage signal inputted to the transistor 402. Areference
numeral 426 indicates an OR circuit located in the image
signal transmission line for masking. When the forced light
emission signal (UBL) is High, the laser current flows with
independence of High/Low of the image signal. Reference
numerals 427 and 428 indicate pull-up resistors. A reference
numeral 429 indicates a sequence controller for executing
engine control including control over the laser drive circuit,
a reference numeral 431 indicates a CPU as a heart of the
above operation, the reference numeral 430 indicates a video
controller for forming the 1mage signal.

Relation between the changes 1n the base potentials of the
transistor 402 and transistor 403, and the on/off operation of
the laser 1s shown 1n FIG. 10. That the laser operation 1is
controlled according to the mask signal (MSK*) and the
forced light emission signal (UBL*) is the same as in FIG.
8. In the differential amplifier circuit 1n FIG. 7, the image
signal (VDO®) 1s invalidated by the mask signal (MSK) in
the OR circuit 326, whereas 1n the differential amplifier
circuit in FIG. 9, the image signal (VDO) is invalidated by
the forced light emission signal (UBL) in the OR circuit 426.

Furthermore, when the period for masking and the period
for the forced light emission are duplicated, the CPU 431
sets the MSK* signal High while the UBL signal 1s High.

Still further, OR circuits 325,426 can be arranged in the
IC or out of the IC.

In addition, the 1mage signals VDO, VDO are connected
with the laser drive circuit through the sequence controller
board 329,429, but these may be directly connected prefer-
ably.

The present 1nvention has been described in detail with
respect to preferred embodiments and it will now be that
changes and modifications may be made without departing
from the invention in 1its broader aspects, and 1t 1s the
intention, therefore, 1n the appended claims to cover all such
changes and modifications as fall within the true spirit of the
invention.
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What 1s claimed 1s:
1. A circuit for a semiconductor laser comprising:

a first mput terminal for inputting a first logic level
information signal;

a second 1nput terminal for mnputting a second logic level
information signal, the first logic level information
signal; being independent of the second logic level
information signal; and

a differential circuit having first and second terminals for
switching a current supplied to said semiconductor

laser 1n accordance with said first logic level informa-
tion signal and said second logic level information
signal,

whereby said first logic level information signal is sup-
plied to the first terminal of said differential circuit and
said second logic level information signal 1s supplied to
the second terminal of said differential circuat.

2. A circuit as claimed 1n claim 1, wherein said differential
circuit comprises transistors whose bases correspond to the
first and second terminals, respectively.

3. A circuit as claimed 1n claim 1, wherein said circuit 1s
in the form of an IC.

4. A circuit as claimed 1n claim 1, wherein said second
logic level information signal 1s either one of a forced light
emission signal for making said semiconductor laser emit,
and a forced light stopping signal making said semiconduc-
tor laser stop emitting, independently of said first logic level
information signal.

5. A circuit as claimed 1n claim 1, further comprising:

means for generating a third logic level information

signal; and
processing means for processing logically said first and
third logic level information signals, whereby an output

from said processing means 1s supplied to the second
terminal of said differential circuit.
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